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Abstract— This paper aims to make a rigorous evaluation of elements constituting

planar discontinuities using a coupling quadripoleby estimating
an accurate value of input impedance being based om
homographic relationship. Studied structure is shar circuited
microstrip line to validate the established homogrphic
relationship. A parametric study on several charaatristics is
detailed to discuss their effect on quadripole evahtion.
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I. INTRODUCTION

this quadripole depend on the
dimensions of both source and circuit, the dielectonstants
and especially frequency. This constitutes an auddit
calculation. But, we show in this paper that fojudicious
choice of located source, one can define a frequepesi-

independent quadripole.

In this paper, we first introduce the homographic
relationship characterizing the coupling quadripoM/e
expose thereafter the technique employed to deterrthe

based on integral methods [1, 2], it requires the of a non- parametric study on the source characteristicstiari on the
radiating source that will be placed in the circoién. The qguadripole in order to determine the conditionsessary to

(compared to the wavelength) in the very same itian. source and the frequency.

Therefore, this source can be considered as arndisody

higher order modes are generated at the transition Il.
source/circuit [3, 4]. Consequently, calculated éu@nce

includes the contribution of evanescent modeseatrmsition

source / circuit. It becomes necessary to quanthg 4 —
contribution of higher order modes and analyze therhelp
obtaining more accurate results.

While input impedance g seen by the source (S) depends
on the dimensions of (S) and its nature, its wotthyotice %
that it is different from that seen at the ciranput. Actually,
Ze is not an accurate representation of real inpyteihance
and a correction is necessary [5, 6 and 7].

To ensure this operation, Rautio and Harrington9[&nd | =
10] introduced a capacitor in parallel betweengbarce and
the access line. But, this mode”ing of disconﬂi}nui Fig. 1 Planar dipo|e excited by a microstrip line
(represented by a single element) remains insaffici
especially at higher frequencies. In the currentdst we
consider a quadripole (coupling quadripole). Thigxpresse
by means of a homographic relationship. It hasaiiheantage
of being independent of closing dipole (load at)($&an).
Indeed, for a specified source and an access lihe,
guadripole (@) would be calculated only once. The change of
the closing dipole and the source amplitude doésffiect the normal n, .
quadripole (Q). o _ S, is a straight section of the microstrip line hayia

Besides, this relationship between the impedancea¥ a — )
allows us to avoid the concept of characteristipgdance £ away from the load so that the effect of highereorthodes
= f(w) which is generally limited to low frequencies.\Mever, thoughtful is attenuated.

STUDIED STRUCTURE

Source

Figure 1 illustrates the studied structure whicla idipole
d excited by a microstrip short circuited line. Bytroducing a
current source, we can calculate the impedance lgahe
source and deduce the impedance at the input o€itbeit
[11].
S is a surface completely surrounding the sourcenigaa
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At S;, a current density\T1 is imposed, it is defined by .

using a unitary sourﬁ of amplitude 1, such as:
{Jl = |1G01
E,=Vi§
Where,E is the electric field in §

The current density, creates on ($ plan a current

density and an electric fieE. o . L Zs
2
— o —may L — N — ‘, i 1
J, = L(MAR) = 1,G,, M TR U B
— — @n %
E,=V.& - : X

-

Whereh, ande_z. represent the electromagnetic field of th

unitary wave on (8.
With : < Gy, 8, = =1

IIl. HOMOGRAPHICRELATIONSHIP
At source, we determine an input impedangauzd at (9

plan, we measure an impedaneeThis defines the proposed

quadripole.
Using the concept of the impedance operator, wenséa
the following relations:

El = /Z\llj; + 2121 3)
E; = 22171 + 222?2
We project the first equation of the system (3)£yand
the second byG_Dg..
(A[B) =32 D+ 13 2. Gy
V, =(G,,| Za ) + 1 G,,| Z22 G
Let: V, = 71,
We obtain:
_ (GyplZad)
2, (Gpl 22 Gy
I, is the input impedance seen by the line, it isresged

as a normalized value. Using the two equationsif@)(4), we
get:

<'J1| E1> :<§1’|’211§1>+<Gb1| ZlZ@(E%zLZZZ G @
Z _<C-;'J2| Zn C%2>

1,

We deduce that the input impedanceséen from the
source is related to the normalized input impedaficseeen
from the line by a homographic relationship of thiam (8):

B

Z, = A+————
Cz+1

(8)

The homographic relationship has the great advantage
independent of the closing dipole since the pararsatf this
relationship (A, B and C) are independent of thedloFor a
given source and a given access line, it is caledlanly once.

@ Then we can change at will the closing dipolg) @nd the

amplitude of the source.

The homographic relationship can be physicallyrprieted
using a coupling quadripole to obtaip zom Z. Figure 2
illustrates the equivalent electrical circuit bingithe input of
the line to the load by a quadripole.

Fig. 2 The equivalent electrical circuit

This quadripole is composed of a parallel elementaZ
serial element Zand a transformation ratiooNised to bind
the input impedance.4n real value to the reduced impedance
7.

Thus, we can overcome the concept of characteristic
impedance £which is a function of the frequency. This is
interesting due to the non-uniqueness of the dafimbf Z: at
high frequency [12].

Using the equation (7) and the relationship betwden
elements of a transformer (8), we can identifyZ and N.

A AN VN Y TS
Z,+Z+3I N 7 1+ 2/(N(Z+ )

Since the homographic relationship already estadudisis
independent on the closing dipole, the determinatb its

(9)

(4) parameters will be evaluated for a simple structiee a

microstrip short circuited line. Two approximationsist be

(5)respected: first, the structure is considered asr@smission

line submitted to the line’s fundamental mode (ebserized
by its propagation constafly). Then, the length L (length
between the short circuit and the surfagesBould always be
large enough to assume that higher order modesctedl at

e level of short circuit are attenuated befoexhing S. The
expected value of the impedance seen freris §iven by the
equation (10).

2, = jtg(B,1) ©)

With L: length between the short-circuit and theface S

The coupling quadripole (or homographic relatiop¥hi
consists of three unknown elements to be determimgd
measurements ofeZor three line lengths . L, and Ls. We
choose e.g. the values, L, and Lz respectively (3.y/2), (5
Ag/4) and (124/8) which give at the
plan (S) respectively zvalue of 0, infinite and j.

Finally, this relationship obtained can be duder other
studies structures and this by replacing the sbiocuit of
closing by an open circuit or a more complex disicwrity.

Where A and B have the dimension of an impedancis, C

dimensionless.



IV. DETERMINATION OF INPUT IMPEDANCE(SEEN BY THE
SOURCBH EXPRESSIONZE)
Figure 3 illustrates the planar dipole (Figure o = ns
circuited in the circuit plan. E, = Z(Go l +z X (-1:‘) 14
Y i=1
b/2

Eo andEj; are the electric fields respectively defined on the
source and on the metal.

E_M.=HM 2(§|O+§K6):6 (15)

The voltage source is determined as the followinger

Source

I 2 product (17):
w _— —
> i V, =(G,| By (16)
According to equation (17), we can write:
-bfz‘ 1 e . ns___ Xl
L Vo =(GIZG> 1, +(G|Z), G| (17)
Fig. 3 Dipole short circuited: A=12.7mm, b=12.7mwx1.27mm, f=8GHz, =1 X

¢=0.5 mm,&=10, L=49.1 mm ns

According to the equation (16), we can deduce tieviing
To determine the input impedance\@e use the Galerkin system (19)

method combined with Generalized Equivalent Cirdeiigure

4 illustrates the equivalent diagram of planar tipo <GI|EM>=<61|'ZG> |O+<61|'\Z§fr;>

el

I Al ;/ IY <§|EM>=<§|2G>g+<G|2§E> (18)

‘ (G| Ew)=(G,.| ZG) w@ﬁf@

After the resolution of the equation system (18) &19), we
1/1 andK. are the admittances operators defined in the lp&sishave the following equation of the input impeda(2@).
the TE and TM modes of the box.

Y=+ =2 fo> %= ™< £l (10 Zezl—zzzu‘[B] (A7 (19)

F|g 4 Equivalent diagram of the planar dipole

Where: Wlt.h:_ = 5=

Yn is the impedance of the TE and TM mode. A, ) =(G; |2 Gi> (20)
The impedance operat@ is given by: B())=(G, 12 G) (21)
Z=(Y,+Y)™* (11) 41:<60|260> (22)

The test functions that we choose are of topoftype
which are most appropriate for structures having
— —_ discontinuities [13, 14 and 15]. The chosen exoitasource
Jo= |oGO (12)is echelon (rectangular function).

Amplitude
b

The current source]o defined on the source region (S) is
given by:

The current densitﬁe defined on the metal (M) is given by:

bd ns — Source

Je = z X, Gi (13) \ /Runﬂnp function
i=1

With ns is the number of test functions at convecge

The current density e is depicted as an adjustable sourc

because the amplitusleX; of test functionsGi are calculated [ ) >
so as to verify the circuit boundary conditions. Fig 5. Echelon Source and Rooftop test functions



The source §zis echelon defined as follows:
0

1

peTy

The Rooftop test functions are given by thkowing
system (25).

Gyy(X 2) = forz £ [0. 2] (23)

X—-1+Al
arr—————— for XO[I-A1,1]
_ _ (24)
9(x y) _NATT¥f0rXD[I,I+AI]
O Besides

The introduction of a planar excitation ire tbircuit plan
allowed us to find a variational form of the inpatpedance.
The treatment of this discontinuity problem is lgbtuback to
the study of an equivalent electrical circuit imuging a
coupling quadripole. This quadripole allows us torect the
value of the input impedancedznd to have the true value o
the input impedance seen by the ling.(Erom the expression
of homographic relationship, we deduced that thiadgipole
is independent of the load we put it in the plag).(S

But, it would be more interesting if we establidhe t
conditions on the source in order to maintain tlne
coupling quadripole [10]. We reserve the next peaply to
perform a parametric study on characteristic patersef the
source.

V. INFLUENCEOFTHE ENVIRONMENT ON THE
COUPLINGQUADRIPOLE

In this section, we study the effect of the vaoatof source
parameters on the coupling quadripole. This stuliyvad us
to establish the conditions that we must respeairder for
the Qp quadripole to remain unchanged regardlesshef
source that satisfies these conditions. A studyheneffect of
variation of the frequency is also performed.

The parameters of the source that we will be vatath,
position, geometric shape and position of the saurc

A. Source The effect of the source length
Figures 6 and 7 show that the length of the soaffats
the quadripole elements,Zs and N.

Effect of source lengthvariation on Zp and Zs

fpandZs

s/lamdag
Fig 6. The effect of source length variation on do@dripole elements Zp and
Zs

Effect of source length variation on NO

-02 1,50E-01 2,00E-01 2,50E-01
s/lamda

Fig 7. The effect of source length variation on No

Using the two figures 6 and 7, we can notice tnt t
length of the source is a very important parametéch must
be well chosen. For the very small lengths lesa th@2is~
Ag/50, we have a very great difference compared terot
values. This can be explained by the fact that latively
small size source tends towards a punctual soilifee.latter
{s delicate from the point of view of convergenaduse it
requires a very high number of test functions aidahd TM
modes functions. For the dimensions between QQ2nd
0.108%g = A4 /10, we note that we have the same values,0f Z
Zsand N with a maximum relative error of 1.955% = 2%. For
source lengths greater than/10, there is a significant
difference between the values found.

So to have the same coupling quadripole, the sdanmh
must be less thak, /10.
B. The effect of the source function of the quadripole

elements

We have demonstrated in the previous study thanvihe
length of the source is less thigyv/10, we will have the same
coupling quadripole. This study is done for a cansfunction
source and a rectangular geometric shape. In d¢uisos, we
will vary the source function (constant, trianguleircular and

sinusoidal) and analyze its influence on our qumddei.

TABLE |
THE VALUES OFZ;, Zs AND Np AS THE FUNCTION OF THE
SOURCE
Source Ziny Zinz Zins Zp Zs No
Triangle -69,142| 205,459 -201,643] 205,459 -51,732| 0,1413
Constant -68,391| 204,4624 -203,094| 204,4624] -51,248| 0,1405
Sinusoidal | -70,001| 204,2015 -207,897| 204,2015 -52,129| 0,1401
Half
Circle -70,891| 206,6539 -202,757| 206,6539 -52,783| 0,1420




Influence of the source function on quadripole parameters Qp geometric shape. These error relative values acepable.
.z The value 5% for £ it is logical since it corresponds to the
w Q 1o ioGircular shape that is more difficult to model thathers.
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Effect of the source geometric shape on Zp, Zs and No
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Fig 8. The effect of the choice of the source figrcton the quadripole
elements

Figure 8 and Table 1 show that the choice of therce
function does not have much influence on the caogpli
guadripole elements. There is a little differertmgt, it remains
in the same order with a maximum relative errofl 6% for
Zp, 1.71% for Zs and 1.33% for No compared to thestant ' ! )
function. This explains the choice of constant sewsince it !N this section, we took the case where thstadce
requires less test and mode functions comparedheroto Petween the plan gBand the plan (§is d =, fairly large to
achieve the convergence. Table 2 show that theiregtju @v0id the higher modes effect and to be able tp ta source
number of test functions for the constant funci®6 against Position. From Figures 11 and 12, we observe that a
13 for sinusoidal function, 11 for circular funatidl and 27 Position lower than 0.1%; ~.4/5, we have the same values of
for triangular function. Similarly, the number oETand TM Zp, Zsand N. We can interpret this result by the fact thatrfro

.

Triangular _casel

Triangular _case2

rectangular

Faircle Circle

o

Source geometric shape

Fig 10. Effect of the geometric shape variatiorZgnzs and N

D. The effect of the source position on the coupling
guadripole elements

mode functions is 3400 for constant, 66400 for sindial ,
46200 for circular and 88900 for triangular.

TABLE IlI
FUNCTIONSNUMBER AT CONVERGENCE

Source Test function  |[Mode function (TE
number and TM) number
Triangle 27 89800
Constant 6 34000
Sinusoidal 13 66400
Circle 11 46200

C. The effect of the source geometric shape on theliogu
guadripole elements

In this section, we take a constant source of dgioers
less than lambda / 10 but just by varying the gegdmshape.
Figure 9 illustrates the 5 geometric shapes we ldlitaking:
triangular with two case, rectangular, half-cirated circle.

ALOODO

Triangular casel Half circle

Triangular casel Rectangular Cirele

Fig 9. Different source geometric shape used

Figure 10 shows that the variation of the sourcamystric
shape does not have a big effect on the coupliragigpole
elements. The maximum error fop s 1.079%, for £is

this position begins the effect of higher modes, 8e must
take into account the distance between the sourdéhe plan
(S2) where is measured the coupling quadripole in otde
avoid its effects.

Effect of the position of the source on Zpand Zs
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Fig 11. Effect of source position on the Zs andrdpedances

Effect of position of the source on N0
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Fig 12. Effect of source position on thg N

E. The effect of the frequency on the quadripole efésne

In the previous study, we have focused onsth&ce and

5.024% and for NO is 1.77% compared to the rectamguwe deduce that any source of length less #ah10 and far



away sufficiently from the plan ¢Bgives the same couplingAfterwards we have introduced the homographic itahip

guadripole. So, we take a constant source of rgatan
geometric shape that satisfies these conditionsnendary the
frequency and analyze its effect on the quadript#enents.

Figures 13 and 14 show that for frequenaieget than 9
GHz, we have the same results for Zs and N. From the
frequency of 9 GHz, the behavior of these threenelds is
completely different. This is explained by the fHwit the first
higher order mode is at frequency 8.7 GHz, whiclkesahis
behavior expectable. Since we want to avoid thecefbf
higher order modes, we must work within a frequeraryge
lower than 8.7 GHz.

Effect of frequency on Zs and Zp
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Fig 13. Effect of frequency variation on the Zs &@mimpedances
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VI. CONCLUSION

We have introduced in this paper a quadripole foress
planar discontinuity in microstrip technology. Tlhjgadripole
is based on homographic relationship characteraed is
characterized by three elements, ZZs and N. The
introduction of the coupling quadripole allowed toscorrect

the value of the input impedancee(Zand to get a more 15

accurate value of the input impedance seen byinke(%) in
the normalized value.

First, we have presented the study structure thatshort-
circuited line having known theoretical input impade

which allows us to validate the found input impecan

that makes finding the elements of our quadripole.

We have detailed the technique used for determitieg
input impedance while using Galerkin method comthingth
generalized equivalent circuit (MGEC).

In order for this quadripole is calculated only epnae have
established a study on source parameters and alstheo
frequency to determine the conditions to be met.

We have deduced that any source having a lengshtas
Ag/10 and placed at a distance away sufficientlyheflan (9
and for any frequency lower than the first cutoBduency,
we have the same coupling quadripole elements with
acceptable relative errors.
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